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Abstract
Background: There is a need for valid approaches to measure sexual interactions to assess the impact of behavioural
interventions and to predict the impact of behaviour changes. Different methods of asking about sexual behaviour
often yield conflicting answers and men often report higher levels of heterosexual activity than women. To better
understand self-reported sexual behaviour data and how best to collect it, we analyzed data collected as part of a
larger project (ST IMPACTS) on the social and behavioural impact of introducing community-level HIV self-testing
(HIVST) with counseling (semi-supervised with pre- and generic post-test counseling provided on delivery or collection
of test kits) in an urban Malawian setting.
Methods: Information on sexual behaviour was collected from HIV self-testers over a three-month period. Three
different methods were used: retrospective face-to-face interviews (FTFI); audio computer assisted self-interviews
(ACASI) and a prospective coital diary. Both retrospective instruments were used before and after the three-month
study period. Frequency and cross-tabulation, as well as scatterplots, were used for exploratory analyses. Chi-square
tests were used to test for differences in proportions. Spearman’s correlation coefficient was used to explore
associations between both continuous and ordinal variables and Wilcoxon’s paired sample and Mann-Whitney test was
used to test for differences in such variables or between variables.
Results: There was reasonable agreement between the two retrospective methods although both yielded inconsistent
answers e.g. with lower reported numbers of life-time sexual partners at the end than at the beginning of the study
period. The diary method elicited higher reported levels of sex with multiple partners than both retrospective
instruments which may be due to inadequate recall. Over the study period 37.4% of men and 19.7% of women
reported multiple sexual partners using the diary. There was no clear relationship between reported sexual behaviour
and HIV status (prevalence 9.6%).
Conclusions: Diaries may therefore have higher validity for sensitive behaviour reporting and thus be the preferred
method in similar African contexts in measuring sexual behaviours.
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Background
In several severely affected countries in Sub-Saharan
Africa (SSA), HIV prevalence and incidence appear to be
declining. Nevertheless, HIV morbidity and mortality are
still having devastating effects on affected populations
[1]. Although the roll-out of Antiretroviral Therapy
(ART) during the last decade has dramatically reduced
HIV-related morbidity and mortality, our ultimate goal
should still be elimination of the virus, at least as a
generalized epidemic [2] which requires substantial re-
ductions in transmission [3]. Moves towards a universal
test and treat approach (UTT) are underway, and as it is
estimated that between 30 and 40% of adults in
HIV-endemic resource constrained settings have had an
HIV test [4]; this may be expected to considerably
increase ART use with consequent reductions in HIV
infectiousness. Still, difficulties in identifying all HIV
infected individuals and maintaining them on treatment
suggest that without behaviour change, the prospects of
elimination may be limited [5]. There is an increase in
the number of interventions that target uninfected indi-
viduals, such as Pre-Exposure Prophylaxis (PrEP), and
microbicidal vaginal gels; but limited availability and
poor adherence limit their effectiveness [6].
An important goal of HIV prevention remains redu-
cing sexual risk behaviours in both HIV-infected and un-
infected individuals. Both the number of sexual contacts
between HIV positive and negative individuals, and be-
haviours that affect the risk of transmission during such
contacts, such as (consistent) condom use, ART use, or
male circumcision determine this risk [7]. In couples,
knowledge of each other’s sero-status may be an essen-
tial element in reducing transmission [8]. Behaviours
that affect the connectedness of the sexual network – a
key determinant of the epidemic spread of sexually
transmitted infections – include having multiple part-
ners within a short time-span, either simultaneously
(“concurrent”) or in quick succession [9]. There is a
need for valid approaches to monitor and measure sex-
ual interactions in order to assess the impact of behav-
ioural interventions and to predict the impact of
behaviour changes - either as the consequence of inter-
ventions, autonomous changes, or because of selection
for lower risk behaviour. Sexual behaviour however, is a
private activity, surrounded by gender norms, societal
proscriptions and prescriptions, and notoriously challen-
ging to measure. While asking people about their sexual
behaviour may sound easy in principle, it can be difficult
in practice. Different methods of asking about sexual be-
haviour often yield conflicting answers and men often
report higher levels of heterosexual activity, such as
numbers of partners or number of sexual acts with a
partner, than women, which is improbable [10]. It has
been suggested that this is mostly due to underreporting
by women rather than over-reporting by men [11].
Another methodological problem is that the validity of
instruments, e.g. personal interviews or anonymous ques-
tionnaires, may depend on the context, culture, norms and
understanding of the study population. Validation of instru-
ments should therefore, preferably, be replicated in each
study population. Biomarkers of sexual activity exist, at
least for women, but these are either too complex or costly
for large scale use, and/or ethically controversial, for ex-
ample through identifying issues such as non-paternity or
half-sibling testing [12, 13]. It is therefore unlikely that
methods of self-reporting will soon be replaced by more
“biological” methods.
To understand better self-reported sexual data and
how best to collect it, we analyzed data from a larger
project (ST IMPACTS) on the social and behavioural
impact of introducing community-level HIV self-testing
(HIVST) with counseling (semi-supervised with pre and
generic post-test counseling provided on delivery or col-
lection of test kits) in an urban Malawian setting. The
parent project focused specifically on gender-based vio-
lence, sexual risk taking, and risk-compensation in the
context of self-testing. In this sub-study, we estimate
levels of multiple partner sex over a three-month period,
using three different instruments: an Audio Computer
Assisted Self Interview (ACASI), a Face to Face Inter-
view (FTFI) with a specially trained field worker, both
retrospective over the past 3 months, and a prospective
self-completed pictorial diary. By comparing results from
these methods, we aim to obtain better information on
sexual behaviours relevant for HIV transmission and val-
idate these instruments for this setting. The best instru-
ment could then be further validated for its suitability to
monitor behaviour change within urban Malawian and
other contexts.
Methods
Sub-study participants
During a four-month recruitment period between October
2014 and January 2015, participants between (16–49 years
of age) of an HIV self-testing intervention (HIVST) were
recruited in an area covered by the Hit TB project [14].
During these months 885 people had access to an HIVST
kit. Of these 316 were re-contacted at home by counselors
to discuss whether they would participate in our (sub)
study on sexual behaviour and gender-based violence.
Among these 16 dropped out between initial verbal agree-
ment to participate and formal enrolment in the study
and were replaced. All individuals who accepted HIV
self-test kits were eligible, whether or not they actually
tested following the acceptance of the kits. We finally re-
cruited 300 participants (see Fig. 1). Participants included
both individuals and couples normally resident in poor,
high density, areas of urban Blantyre, the second largest
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city of Malawi with high levels of in- and out migration.
Confirmatory HIV testing and onward referral were of-
fered to all participants. The study was approved by the
College of Medicine Research Ethics Committee in
Malawi and the Liverpool School of Tropical Medicine
Ethics Committee in the UK (P.02/13/1341). Nic, the
numbers appear inconsistent. If the 16 were replaced thn
the number recruited are 316 not 300. Please check.
Data collection methods
Three widely used data collection methods for assessing
sexual behaviour were compared: ACASI, FTFI, and a
3-month longitudinal pictorial diary Fig. 2. The diary
tool was developed through a collaborative and iterative
process with an artist and community groups to
optimize comprehension and acceptability. Following a
short pilot study to assess whether the instruments were
understood and testing feasibility of the study, and fol-
lowing information sharing and written consent, all 300
participants were requested to complete a short enrol-
ment questionnaire using ACASI with both oral and vis-
ual presentation of questions to address literacy issues
[15–18]. In all cases this was followed later that day by
an FTFI carried out by field workers gender matched to
the participant using a questionnaire with visual recall
aides. Information was elicited consistently across FTFI
and ACASI on socio-demographic variables such as age,
sex, marital status, surviving children, and also on previ-
ous HIV testing behaviour, disclosure of HIV results to
partners, any incidents of gender-based violence (GBV),
coercive testing, and history of sexual behaviour (cf. on-
line Additional file 1). Sexual behaviour questions asked
about life-time sexual partners, sexual partners in the
past 3 months, and type of partner, e.g. spousal, regular
or irregular. Participants were then asked to complete a
daily pictorial diary for a three-month study period (each
diary covered a period of 2 weeks with a total of 6 diar-
ies per participant for the 12 week diary study period).
Those who agreed received full training before taking
the diary home. This diary included data on, sexual be-
haviour, household dynamics, disclosure and incidents of
gender-based violence as well as coercive testing. Sexual
behaviour questions elicited details about each sexual
intercourse, the type of partner (spousal/cohabiting,
other regular, irregular partners) and if a condom was
used. Diary completion was monitored and supported
through regular, formal visits every 2 weeks to collect
the diary and informal visits on an ad hoc basis to
Fig. 1 Enrolment and attrition flowchart
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participants to address any concerns and ensure that
the diary was being completed daily [19–21]. At the
end of the three-month data collection period, a sec-
ond ACASI and FTFI were completed using these 3
months as the recall period. Data on the three
sources of reported behaviour were then compared
and triangulated.
Statistical methods
Sample sizes were calculated to have 80% power to
detect a correlation coefficient of 0.20, at the 5% sig-
nificance level. Sample sizes were then increased by
50% to allow for subset analyses. Individuals (28)
with < 30 diaries were excluded from analysis to en-
sure consistency of time periods in comparisons.
Frequency and cross-tabulation, as well as scatter-
plots, were used for exploratory analyses. Chi-square
tests were used to test for differences in proportions.
Continuous and ordinal variables were generally re-
ported as median and interquartile range (IQR).
Spearman’s correlation coefficient was used to ex-
plore associations between such variables and Wil-
coxon’s paired sample and Mann-Whitney test to
test for differences in such variables or between
variables.
Results
After exclusion of those participants with < 30 days of
completed diaries representing the,1 we had a total of 287
participants (including 48 couples) available for analysis.
HIV status
HIV prevalence in our cohort was close to the 10% na-
tional adult (15–49 years) sero-positivity prevalence re-
ported by UNAIDS but somewhat less than the 2010
DHS prevalence estimate of 14.5% for the Southern re-
gion of Malawi that includes the city of Blantyre (http://
www.unaids.org/en/regionscountries/countries/malawi,
http://dhsprogram.com/pubs/pdf/HF34/HF34.pdf ). 16/
144 of female and 11/136 of male participants who were
tested on enrolment to the study were HIV positive.
HIV positive participants were on average 1.86 years
older than negative participants but this was not statisti-
cally significant. Among 48 couples included, 8 were af-
fected by HIV, 4 discordant with 3 with an HIV positive
male partner.
Fig. 2 Pictorial diary
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Retrospective instruments FTFI and ACASI
Reported demographic and personal data
Age Participants (by ACASI) had a median age of 26 years
in both women (IQR: 22–31) and men (IQR: 24–33).
Religion In the baseline FTFI, 93% of participants re-
ported to be Christians. With one exception (atheist), all
others reported to be Muslims. Religion was not elicited
in the ACASI.
Marital status Marital status was classified in baseline
FTFI. 78/139 (56.1%) men and 108/147 (73.5%) women
reported being currently married or cohabiting. 51
(83.6%) unmarried men and 19 (48.7%) unmarried
women reported that they had never been married.
Table 1 shows the marital status at the two time points
reported by each of the two retrospective instruments.
Marital status reported by ACASI and FTFI did not fully
agree. For example, three participants “unmarried” by
FTFI reported to be married/cohabiting through the
ACASI method. For one participant, the difference was
the other way around. We do not know what has caused
these differences between the two instruments.
As expected there was some fluidity in household ar-
rangements. After 3 months, five participants reported
having separated (FTFI), while nine participants had re-
portedly entered into a cohabiting arrangement. The
same numbers were reported through ACASI.
20 (13.7%) of the women and 54 (38.8) of the men re-
ported having no children through both the ACASI and
FTFI method. The mean reported number of living chil-
dren was 2.19/2.20 (FTFI/ACASI) for women and 1.43/
1.51 for men.
Reported data on sexual behaviours
Numbers of sexual partners Table 1 presents the key
sexual behaviour parameters at each of the two time
points (baseline and after 3 months) reported through the
two retrospective instruments. As a measure of current
and recent sexual activity, we looked at the self-reported
number of partners in the past 3 months. We analyzed re-
sults from the post 3 months FTFI and ACASI as their
data can be directly compared to the diaries for this
period. Through the FTFI, women and men reported a
mean number of sex partners during the last 3 months of
1.24 and 1.15 respectively (ns). Means calculated from the
ACASI were 1.17 and 1.20 (p = 0.014 by Mann-Whitney
test) for women and men respectively.
Over the three-month period 4.2% of women and
21.1% of men reported more than one sexual partner
by ACASI. For FTFI these proportions were 2.9 and
12.7% respectively. These percentages were both
lower than those reported by the diary method.
There was a positive association between the number
of reported partners in the past 3 months between
the two retrospective methods of ACASI and FTFI.
The Spearman’s correlation coefficient between the
two measures was 0.80, and there was no statistically
significant difference between the two methods
(ACASI and FTFI) in the numbers of 3-months part-
ners by Wilcoxon’s paired samples test.
Life-time sex partners and rate of acquisition of new
partners By ACASI, 5 of the women (one of them HIV--
positive) and 7 of the men reported never having had
sex at baseline which declined to 2 and 3 respectively
after 3 months. Through the FTFI, 5 women (3 being
the same as through the ACASI) reported never hav-
ing had sex at baseline, again going down to 2 after
the 3 month period. Only 5 men by FTFI and 6 by
ACASI, declining to 2 and 3 after 3 months respect-
ively (1 in each reporting being sexually experienced
at baseline!), reported never having had sex. One in 4
participants reported more life-time sex partners at
baseline than after our 3-month diary period in both
FTFI and ACASI. These kinds of inconsistencies in
response have also been observed in other contexts
(e.g. Uganda), and thus do not seem to be confined
to this Malawian population [22]. We therefore con-
sidered it not possible to reliably estimate the rate of
acquisition of new partners from the increase in re-
ported life-time sex partners or to reliably estimate
the number of life time sexual partners.
Transactional sex
Participants were not asked explicitly whether they prac-
ticed transactional sex. In many African cultures, includ-
ing within Malawi, gifts, often some money, (from men
to women) are an accepted – even desirable - practice
and do not have the same association with sex work as it
perhaps would in Western cultures [23, 24]. Many sex-
ual partners, however, suggests that money may have
been an important motivation for engaging in sex. Two
women (one HIV+) reported (both by ACASI and FTFI)
“twenty” (perhaps meaning many) partners in the past 3
months. Although having many partners may be
under-reported, it does suggest that either in this area
“professional” sex work may not be as common as it is
in some other African cities or that sex workers were
underrepresented in our sample. Only one woman vol-
untarily disclosed being a sex worker at the time of the
study.
Coital diaries
Table 2 presents several key sexual behaviour parameters
reported by 3-month coital diaries. Women reported a
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Table 1 Self-reported marital status and sexual behaviour, both at baseline (pre) and after 3 months (post)
Variable Sex
F (%) M (%) F (%) M (%)
Baseline (t0) After 3 months
ACASI
Marital Status
NEVER MARRIED 19 (12.9) 51 (36.7) 13 (9.5) 51 (38.1)
MARRIED OR LIVING WITH PARTNER 103 (70.1) 70 (50.4) 96 (70.6) 65 (48.5)
REMARRIED AFTER DIVORCE/DEATH 5 (3.4) 8 (5.8) 14 (10.3) 7 (5.2)
DIVORCED/SEPARATED 16 (10.9) 9 (6.5) 10 (7.4) 10 (7.5)
WIDOWED 4 (2.7) 1 (0.6) 3 (2.2) 1 (0.7)
Condom Use Last Sex
Yes 29 (19.7) 42 (30.9) 24 (17.6) 53 (39.6)
No 118 (80.3) 94 (69.1) 112 (82.4) 81 (60.4)
Life Time Sex Partners
None 5 (3.4) 5 (3.6) 2 (1.5) 2 (1.5)
1 41 (27.9) 21 (15.1) 45 (33.1) 19 (14.3)
3–5 96 (65.3) 91 (65.5) 83 (61.0) 92 (69.2)
6+ 5 (3.4) 22 (15.8) 6 (4.4) 20 (4.4)
3 Months Sex partners
None 21 (14.3) 23 (16.5) 16 (16.5) 21 (15.7)
1 121 (82.3) 98 (70.5) 116 (70.5) 96 (71.6)
3–5 3 (2.0) 17 (12.3) 1 (12.3) 16 (11.9)
6+ 2 (1.4) 1 (0.7) 3 (0.7) 1 (0.8)
FTFI
Marital Status
NEVER MARRIED 17 (11.6) 50 (36.0) 13 (8.8) 51 (38.3)
MARRIED OR LIVING WITH PARTNER 104 (70.7) 68 (49.0) 103 (70.1) 65 (48.9)
REMARRIED AFTER DIVORCE/DEATH 11 (7.5) 7 (5.0) 13 (12.9) 9 (6.8)
DIVORCED/SEPARATED 10 (6.8) 13 (7.4) 8 (5.4) 8 (6.0)
WIDOWED 5 (3.4) 1 (0.6) 4 (2.8) 0 (0.0)
Condom Use Last Sex
YES 30 (20.4) 42 (30.2) 29 (20.6) 55 (41.4)
NO 117 (79.6) 97 (69.8) 112 (79.4) 78 (58.6)
Life Time Sex Partners
None 5 (3.4) 7 (5.0) 2 (1.4) 3 (2.3)
1 43 (29.3) 19 (13.7) 48 (34.0) 16 (12.0)
3–5 92 (62.6) 90 (64.7) 83 (57.9) 93 (69.9)
6+ 7 (4.7) 23 (16.5) 8 (5.7) 21 (15.8)
3 Months Sex partners
None 24 (16.3) 31 (22.3) 20 (14.2) 20 (15.0)
1 113 (76.9) 88 (63.3) 115 (81.6) 85 (63.9)
3–5 8 (5.4) 18 (13.0) 4 (2.8) 27 (20.3)
6+ 2 (1.4) 2 (1.4) 2 (1.4) 1 (0.8)
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median of 45.5 (IQR: 16–89) sex acts over the 3 month
diary period, while men reported a median number of 31
(IQR: 10–70). Married participants reported a median of
51.5 (IQR:25.75–90.0) while unmarried (never married,
widowed, divorced) participants reported a median of 10
sex acts (IQR: 0–40.5). There was a large gender discrep-
ancy in the reported number of sex acts with cohabiting
partners. While women (including those reporting no sex
with a cohabiting partner) reported a median number of
39.5 (IQR: 4.5–83), (all) men reported only a median of 13
(IQR: 0–51.5). This seems to be partly due to the much
larger proportion of women reporting being married/co-
habiting. In men 74.1, 15.5, and 10.4% of the sex acts were
with cohabiting, non-cohabiting regular, and irregular,
partners respectively. For women these percentages were
91.4, 4.5, and 4.1% respectively.
Consistency and validity of the diary method
There was no discrepancy in the number of sex acts
with the cohabiting partner in individuals in recruited
couples. Numbers of sex acts reported by both partners
within a couple appear to be in reasonable agreement as
shown in the figure below (Fig. 3). Also, the number of
condoms used did not differ significantly between male
and female partners and, with a Spearman’s correlation
coefficient of 0.72 was reasonably well correlated. The
discrepancy in the number of sex acts discussed above
thus seems to be largely attributable to more women
than men being in cohabiting or marital relationships in
our sample.
Type of sexual partners (cohabiting, regular, non-regular)
Cohabiting partners More women (115/148) than men
(90/139) reported (any) sex with a cohabiting partner.
These numbers were actually larger than the numbers
reporting to be married or cohabiting.
Regular non-cohabiting partners More men (62/139)
than women (33/148) reported sex with a non-cohabiting
regular partner. Of these 32 and 17 respectively also re-
ported sex with a cohabiting partner.
Irregular partners More men (47/139) than women
(18/148) reported any sex with an irregular partner. Of
these 28 and 11 respectively also reported sex with a co-
habiting partner.
The percentages of women reporting sex with 0, 1, 2,
and 3 types (cohabiting, non-cohabiting regular, irregu-
lar) of partner were 11.5, 69.9, 15.5, and 4.1% respect-
ively. For men these percentages were 12.2, 50.4, 19.4,
18.0%. Thus 19.6% of women and 37.4% of men reported
more than one (type of ) sexual partners by diary in the
three-month study period.
High-risk behaviour
For participants with cohabiting partners any other part-
ners would imply having multiple partners simultan-
eously. For participants without cohabiting partners, a
regular, non-cohabiting partner however may be their
only and monogamous partner. We therefore defined
high risk behaviour differently for participants reporting
Table 2 Sexual behaviour as reported by a three months diary
Sex
F (N = 148) % M (N = 139) %
Any Sex with Cohabiting partner 77.70 64.70
Any Sex with Non-cohabiting Regular
partner
22.30 44.60
Any Sex with Irregular Partners 12.20 33.80
Any Unprotected Sex with Cohabiting
partner
77.00 61.90
Any Unprotected Sex with
Non-cohabiting Regular Partners
13.50 35.30
Any Unprotected Sex with Irregular
Partners
8.80 20.90
High Risk Sex 14.90 27.30
Total Number of Types of
Partners
0 11.50 12.20
1 68.90 50.40
2 15.50 19.40
3 4.10 18.00
Concurrency 11.50 23.00
Fig. 3 Association between numbers of sex acts over a 3-months period
between two cohabiting partners reported through the pictorial diary
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sex with a cohabiting partner and those who did not.
For the former we defined it as any unprotected (i.e.
without condom use) sex with any regular or irregular
partner; for the latter, not-cohabiting, group we de-
fined it as unprotected sex with irregular partners
only. Men reported higher levels of high-risk behaviour,
viz 27.3% (38/139) than women 14.9% (22/148; p < 0.01).
There was no clear association between HIV infection and
high risk behaviour during the three-month diary period.
2/37 (5.4%) of the “high risk” men vs. 9/99 (9.1%) “low
risk” men and 4/21 (19.0%) “high-risk” vs 12/123 (9.8%)
“low-risk” women were HIV infected.
Concurrency
Having more than one regular partner was quite
common in this cohort. Although we did not meas-
ure the total number of regular partners, we could
count the number of individuals reporting both co-
habiting and (at least one) additional regular partner.
Overall 49 (17%) of individuals (23% of men, 11.5%
of women) had concurrent relationships by this def-
inition; slightly higher than observed elsewhere in
Malawi (Likoma Island, a rural area in Northern
Malawi) [25]. There was no apparent relationship be-
tween concurrency and HIV status, with 3/45 (vs 24/
235) of the “concurrent participants” for whom HIV
status was known being HIV positive.
Condom use by type of partner
Men reported a smaller fraction of condom-protected
contacts with cohabiting partners (11.3%) than women
(15.5%). Condoms were much more frequently used with
non-cohabiting regular (F:75.7%; M:59.7%) and irregular
partners (F:88.4%; M:74.1%).
Consistency of condom use
Of the 47 men reporting sex with irregular sex partners, 7
reported (by diary) that they never used condoms and 8
that they always used condoms. For women, of the 18 with
irregular sex partners, 5 reported never use and 5 reported
always use. For regular non-cohabiting partners condom
use was also often inconsistent: of the 33 women report-
ing sex with regular non-cohabiting partners, 13 reported
always using condom and 8 never using them. Of the 62
men, 12 reported always using and 9 never using con-
doms. It is unclear whether more than one regular
non-cohabiting partner was involved and, if so, whether
condom use differed among these partners.
Agreement between self-reported partners in ACASI, FTFI
and coital diaries
The number of types of sex partners (cohabiting, regular,
irregular) reported (during the 3 months) by coital diary
can be 0, 1, 2, or 3. This number should normally be a
lower bound (as people may have multiple sex partners
of the same type, which the diary does not distinguish)
for the number of 3 months partners reported by either
ACASI or FTFI. This was not true for a substantial
number of participants. By ACASI 24 women and 33
men reported fewer partners than the presumed lower
bound calculated from the diaries. For FTFI these num-
bers were 24 and 40 respectively. It may be that partici-
pants had problems remembering when specific events
(relationships) took place, or simply forgot about them,
or that partners changed “status” during the 3 months
period.
Discussion
Accurate measurement of sexual behaviour, notably
unprotected sexual intercourse with multiple and
non-steady partners is critical in HIV prevention re-
search in order to enable attribution of changes in in-
cidence within specific contexts. Sexual behaviours
are challenging to measure and data triangulation is
an important element in assessing both data validity
and quality [26]. Our data triangulation study, com-
paring two retrospective tools to a prospective pictor-
ial diary, showed only moderate agreement between
three different self-reported measures of sexual behav-
iour. While number of partners reported in our two
retrospective tools ACASI and FTFI did not differ
systematically, and were positively correlated, their
correlation was far from perfect. Even seemingly
straightforward questions about whether one has ever
had sex and about marital status did not always yield
identical answers, perhaps indicating some ambiguity
or misinterpretation in what constituted “sex” or what
exactly is a spouse/cohabiting partner. Agreement be-
tween data reported through the two retrospective
measures of self-reported sexual behaviour and the
three-month diary method was also far from perfect. It is
perhaps most striking that the percentages of participants
reporting more than one sexual partner in the past 3
months was substantially higher by diary than by the two
retrospective end-of-period self-reporting methods. This
has been found in other studies in SSA as well [16, 17, 19]
and may be due to recall or social desirability bias.
Our findings conflict with those from a recent system-
atic review that reported that studies comparing diary
with retrospective survey data demonstrated “evidence
of over-reporting on retrospective tools, except for the
least frequent behaviours” [27] such as unprotected
insertive anal sex for Men who have Sex with Men
(MSM). However, our findings agree with those from
other African countries, including those from nearby
Zimbabwe that both retrospective instruments, even for
short term recollection, are equally poor and may signifi-
cantly underestimate true sexual activity [28, 29]. Other
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reasons for the discrepancies between our diary and
retrospective tools are hard to identify with certainty.
Context matters when recalling sexual interactions.
The commonly used three-month recollection period of
the retrospective instruments may be too long and thus
be a factor contributing to these discrepancies. It may
also be that our participants, from an African culture
where time may have a different role than in industrial-
ized countries, had more difficulty establishing whether
certain events or relationships took place within the past
3 months or not (http://www.exactlywhatistime.com/
time-in-different-cultures) . It seems less likely that so-
cial desirability bias also played an important role as the
numbers of partners reported by the “anonymous”
ACASI and FTFI did not differ systematically. Since the
diary method does not require participants to reveal ag-
gregate numbers of sex partners on the basis of their
memory but asks them to report on a day-by-day basis,
the diary method may well be more precise than either
the ACASI or the FTFI method. There tended to be a
high level of agreement between diaries of participating
couples, which seems to add some validity to the diary
method. Some couples, however, might have harmonized
their responses, although the variation that occurred
suggests otherwise. Perhaps, in some African contexts,
(pictorial) diaries may thus, for the time being, be the
preferred method for eliciting sexual behaviour.
Further validation of the diary method in this setting
is necessary. Ideally, diaries should be compared to the
same biomarkers that have demonstrated the limited
value of self-reported retrospective data even over very
short recollection periods [30]. Our findings, especially
the higher percentages of participants who reported > 1
partner in the past 3 months with the diary method,
would seem to justify such further validation of this
method. Exploration as to whether more detailed infor-
mation about sex partners could be obtained using this
method would also be worthwhile. Understanding as-
pects, such as whether a sexual partner is a new partner,
or ages of partners, could be valuable information for
understanding the unfolding HIV epidemic.
A limitation of our sample is that it may not be truly
representative of the underlying population since we
re-contacted only individuals accepting HIVST and who
were recruited within the context of the larger study.
Given the higher proportion of married women than
men, some self-selection may have taken place, with per-
haps unmarried women and/or married men being less
willing to participate. It is hard to tell how much this
may have affected or biased our estimates.
What emerges, despite these limitations, is a relatively
young population with high levels of multiple-partner
sex and sexual risk taking. The percentages of multiple
partner sex (F:19.6%, M:37.4% by diary) appear not to be
substantially higher than those among sexually active
(i.e. having had sex in the past 3 months) adolescents
and young adults in the USA, where 15% of women and
35% men reported multiple sex partners in the past 3
months [31]. It may be that this level of risk taking can
be sufficient to establish large connected sexual net-
works. The Likoma Island (rural Malawi) study demon-
strated that “sexual networks emerged through
decentralized chains of sexual relationships in which in-
dividuals had at most three to four sexual partners over
a 3-year period, rather than through contacts with
high-risk groups such as commercial sex workers” [32].
Condoms appear to be acceptable in this population,
and as expected and appropriate, were most frequently
used with non-cohabiting partners. However, inconsist-
ent use may limit their potential. As condom use was
often not consistent its impact on HIV transmission
may be limited. Identifying methods for improving con-
sistent use, should be a research priority.[33]
Conclusion
This study has shown that, without biological markers, it
is challenging to define an optimal or gold standard
method for collection of reliable data on sensitive behav-
iours such as sexual risk behaviour. Context and
gender-driven influences on acceptability and reporting
of sexual behaviour impacts on all reporting methods,
including daily recording of sexual acts and partners
through pictorial diaries. Despite these challenges, we
suggest that daily recording of sensitive behaviours may
be most accurate and that this method should be consid-
ered as an option for measuring sensitive behaviours, es-
pecially linked to HIV prevention technologies, in both
general and vulnerable populations.
Endnotes
1Full diary completion for each participant entailed 6
diaries, each of which covered a 2 week period for the
12 weeks (3 months) of the study period
Additional file
Additional file 1: Data tools. (ZIP 2282 kb)
Abbreviations
ACASI: Audio computer assisted self interviews; ART: Antiretroviral therapy;
FTFI: Face to face interview; HIV: Human immunodeficiency virus; HIVST: HIV
self-testing; IQR: Inter-quartile range; MSM: Men who have sex with men;
PrEP: Pre exposure prophlyaxis; UTT: Universal test and treat
Acknowledgements
The authors acknowledge the role of the men and women who participated
in this study and the field team who collected the data and provided regular
support to study participants. We also acknowledge the support of Professor
Robert Heyderman, as the then Director of the Malawi-Liverpool-Wellcome
Trust who provided institutional sponsorship and intellectual contributions
to the study.
Desmond et al. BMC Public Health  (2018) 18:807 Page 9 of 11
Funding
This research was funded through a Wellcome Trust Fellowship (099051/Z/12/Z).
The funding body played no part in the design of the study, data collection,
analysis, nor in the interpretation of data and writing the manuscript.
Availability of data and materials
The datasets analysed during the current study are available from the
corresponding author on reasonable request.
Authors’ contributions
ND conceived and designed the study including leading the data collection,
analysis and interpretation. She was responsible for the final draft of the
manuscript. NN was responsible for data analysis and manuscript drafting.
WL and EC were the lead researchers on the study under the supervision of
ND. Both were responsible for translating study design into data collection,
for developing study tools, managing data, contributed to data analysis and
manuscript drafts. MS led the data collection, contributed to data analysis
and manuscript drafts. ELC, MT, JS, DGL and ST all contributed to study
design, data analysis and manuscript drafts. All authors read and approved
the final manuscript.
Ethics approval and consent to participate
Written consent was obtained from all study participants following individual
information sharing on the purpose and process of the study. The study was
approved by the College of Medicine Research Ethics Committee in Malawi
and the Liverpool School of Tropical Medicine Ethics Committee in the UK
(P.02/13/1341).
Consent for publication
Not applicable as data presented in aggregate.
Competing interests
The authors declare that they have no competing interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1Liverpool School of Tropical Medicine, Pembroke Place, Liverpool, UK.
2Malawi-Liverpool-Wellcome Trust Clinical Research Programme, Blantyre,
Malawi. 3College of Medicine, University of Malawi, Blantyre, Malawi. 4London
School of Hygiene and Tropical Medicine, Keppel Street, London, UK.
Received: 9 November 2017 Accepted: 17 June 2018
References
1. Nagelkerke NJ, Arora P, Jha P, Williams B, McKinnon L, de Vlas SJ. The
rise and fall of HIV in high-prevalence countries: a challenge for
mathematical modeling. PLoS Comput Biol. 2014;10(3):e1003459.
https://doi.org/10.1371/journal.pcbi.1003459.
2. Mutevedzi PC, Newell ML. The changing face of the HIV epidemic in
sub-Saharan Africa. Tropical Med Int Health. 2014;19(9):1015–28.
https://doi.org/10.1111/tmi.12344.
3. Kretzschmar ME, Schim van der Loeff MF, Birrell PJ, De Angelis D,
Coutinho RA. Prospects of elimination of HIV with test-and-treat
strategy. Proc Natl Acad Sci U S A. 2013;110(39):15538–43.
https://doi.org/10.1073/pnas.1301801110.
4. WHO. Towards Universal Access: scaling up priority HIV/AIDS interventions
in the health sector. In: Progress report. Geneva, Switzerland: World Health
Organization; 2009.
5. Solomon DA. Sax PE Current state and limitations of daily oral
therapy for treatment Curr Opin HIV AIDS. 2015;10(4):219–25.
https://doi.org/10.1097/COH.0000000000000165.
6. Marrazzo JM, Ramjee G, Richardson BA, Gomez K, Mgodi N, Nair G, Palanee
T, Nakabiito C, van der Straten A, Noguchi L, Hendrix CW, Dai JY, Ganesh S,
Mkhize B, Taljaard M, Parikh UM, Piper J, Mâsse B, Grossman C, Rooney J,
Schwartz JL, Watts H, Marzinke MA, Hillier SL, McGowan IM, Chirenje ZM,
Study Team VOICE. Tenofovir-based pre-exposure prophylaxis for HIV
infection among African women. N Engl J Med. 2015;372(6):509–18.
https://doi.org/10.1056/NEJMoa1402269.
7. Weiss SM, Zulu R, Jones DL, Redding CA, Cook R, Chitalu N. 9. A cluster
randomized controlled trial to increase the availability and acceptability of
voluntary medical male circumcision in Zambia: the spear and shield
project. Lancet HIV. 2015;2(5):e181–e18.
8. King R, Min J, Birungi J, Nyonyintono M, Muldoon KA, Khanakwa S, Kaleebu
P, Moore DM. Effect of couples counselling on reported HIV risk behaviour
among HIV Serodiscordant couples by ART use, HIV status and gender in
rural Uganda. PLoS One. 2015;10(9):e0136531.
9. Rothenberg R. HIV transmission networks. Curr Opin HIV AIDS. 2009;4(4):
260–5. https://doi.org/10.1097/COH.0b013e32832c7cfc.
10. Morris M. Telling tails explain the discrepancy in sexual partner reports.
Nature. 1993;365(6445):437–40.
11. Alexander MG, Fisher TD. Truth and consequences: using the bogus
pipeline to examine sex differences in self-reported sexuality. J Sex Res.
2003;40(1)):27–35.
12. Abu-Raddad LJ, Nagelkerke N. Biomarkers for sexual behaviour change: a
role for nonpaternity studies? AIDS. 2014;28:1243–5.
13. Snead MC, Black CM, Kourtis AP. The use of biomarkers of semen exposure
in sexual and reproductive health studies. J Women’s Health (Larchmt).
2014;23(10):787–91. https://doi.org/10.1089/jwh.2014.5018.
14. Choko AT, Desmond N, Webb EL, Chavula K, Napierala-Mavedzenge S, Gaydos
CA, Makombe SD, Chunda T, Squire SB, French N, Mwapasa V, Corbett EL. The
uptake and accuracy of oral kits for HIV self-testing in high HIV prevalence
setting: a cross-sectional feasibility study in Blantyre, Malawi. PLoS Med. 2011;
8(10):e1001102. https://doi.org/10.1371/journal.pmed.1001102.
15. Cleland J, Boerma JT, Carael M, Weir SS. Monitoring sexual behaviour in
general populations: a synthesis of lessons of the past decade. Sex Transm
Infect. 2004;80(Suppl 2):ii1–7.
16. Allen CF, Lees SS, Desmond NA, Der G, Chiduo B, Hambleton I, Knight L,
Vallely A, Ross DA, Hayes RJ. Validity of coital diaries in a feasibility study for
the microbicides development Programme trial among women at high risk
of HIV/AIDS in Mwanza, Tanzania. Sex Transm Infect. 2007;83(6):490–6.
discussion 496-7
17. Lees S, Cook C, Vallely A, Desmond N, Allen C, Kiro K, Wamoyi J, Medard L,
Pool R, Hayes RJ, Ross DA. Microbicides development Programme.
Comparison of sexual behaviour data collected using a coital diary
and a clinic-based interview during a microbicide pilot study in
Mwanza, Tanzania. Sex Transm Dis. 2010;37(8):497–501.
https://doi.org/10.1097/OLQ.0b013e3181d4722d.
18. Morrison-Beedy D, Carey MP, Tu X. Accuracy of audio computer-assisted
self-interviewing (ACASI) and self-administered questionnaires for the
assessment of sexual behaviour. AIDS Behav. 2006;10(5):541–52.
19. Pool R, Montgomery CM, Morar NS, Mweemba O, Ssali A, Gafos M, et al. A
mixed methods and triangulation model for increasing the accuracy of
adherence and sexual behaviour data: the microbicides development
Programme. PLoS One. 2010;5(7):e11600.
20. Pool R, Montgomery CM, Morar NS, Mweemba O, Ssali A, Gafos M, et al.
Assessing the accuracy of adherence and sexual behaviour data in the
MDP301 vaginal microbicides trial using a mixed methods and triangulation
model. PLoS One. 2010;5(7):e11632.
21. Allen CF, Lees SS, Desmond NA, Der G, Chiduo B, Hambleton I, et al. Validity
of coital diaries in a feasibility study for the microbicides development
Programme trial among women at high risk of HIV/AIDS in Mwanza,
Tanzania. Sex Transm Infect. 2007;83(6):490–6. discussion 6–7
22. Shafer LA, Nsubuga RN, Seeley J, Levin J, Grosskurth H. Examining the
components of population-level sexual behaviour trends from 1993 to 2007
in an open Ugandan cohort. Sex Transm Dis. 2011;38(8):697–704. ISSN 0148-
5717. https://doi.org/10.1097/OLQ.0b013e318214e42e.
23. Poulin M. Sex, money, and premarital partnerships in southern Malawi. Soc
Sci Med. 2007;65(11):2383–93.
24. Nobelius AM, Kalina B, Pool R, Whitworth J, Chesters J, Power R. “You still need to
give her a token of appreciation”: the meaning of the exchange of money in the
sexual relationships of out-of-school adolescents in rural Southwest Uganda. J
Sex Res. 2010;47(5):490–503. https://doi.org/10.1080/00224499.2010.494776.
25. Helleringer S, Mkandawire J, Kohler HP. A new approach to measuring
partnership concurrency and its association with HIV risk in couples. AIDS
Behav. 2014;18(12):2291–301. https://doi.org/10.1007/s10461-014-0788-x.
26. Glynn JR, Kayuni N, Banda E, Parrott F, Floyd S, Francis-Chizororo M, Nkhata M,
Tanton C, Hemmings J, Molesworth A, Crampin AC, French N. Assessing the
Desmond et al. BMC Public Health  (2018) 18:807 Page 10 of 11
validity of sexual behaviour reports in a whole population survey in rural Malawi.
PLoS One. 2011;6(7):e22840. https://doi.org/10.1371/journal.pone.0022840.
27. Stalgaitis C, Glick SN. These includ. Sex Transm Infect. 2014;90(5):374–81.
https://doi.org/10.1136/sextrans-2013-051472.
28. Ramjee G, Weber AE, Morar NS. Recording sexual behaviour: comparison of
recall questionnaires with a coital diary. Sex Transm Dis. 1999;26(7):374–80.
29. Minnis AM, Steiner MJ, Gallo MF, Warner L, Hobbs MM, van der Straten A,
Chipato T, Macaluso M, Padian NS. Biomarker validation of reports of recent
sexual activity: results of a randomized controlled study in Zimbabwe. Am J
Epidemiol. 2009;170(7):918–24. https://doi.org/10.1093/aje/kwp219.
30. Mose F, Newman LP, Njunguna R, Tamooh H, John-Stewart G, Farquhar C,
Kiarie J. Biomarker evaluation of self-reported condom use among
women in HIV-discordant couples. Int J STD AIDS. 2013;24(7):537–40.
https://doi.org/10.1177/0956462412473892.
31. Santelli JS, Brener ND, Lowry R, Bhatt A, Zabin LS. Multiple sexual partners among
U.S. adolescents and young adults. Fam Plan Perspect. 1998;30(6):271–5.
32. S H, Mkandawire J, Kalilani-Phiri L, Kohler HP. Cohort profile: the
Likoma network study (LNS). Int J Epidemiol. 2014;43(2):545–57.
https://doi.org/10.1093/ije/dyt001.
33. Romero SL, Ellis AA, Gurman TA. Disconnect between discourse and
behaviour regarding concurrent sexual partnerships and condom use:
findings from a qualitative study among youth in Malawi. Glob Health
Promot. 2012;19(4):20–8. https://doi.org/10.1177/1757975912464249.
Desmond et al. BMC Public Health  (2018) 18:807 Page 11 of 11
